Despite the realized importance of unsafe abortion as a global health problem, reliable data are difficult to obtain, especially in countries where abortion is illegal. Estimates for most developing countries are based on limited and incomplete sources of data. In Mexico, studies have been undertaken to improve estimates of induced abortion but the determinants of unsafe abortion have not been explored.
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Background Despite the realized importance of unsafe abortion as a global health problem, reliable data are difficult to obtain, especially in countries where abortion is illegal. Estimates for most developing countries are based on limited and incomplete sources of data. In Mexico, studies have been undertaken to improve estimates of induced abortion but the determinants of unsafe abortion have not been explored.
Methods
We analysed data from the 2006 Mexican National Demographic Survey. The sample comprises 14 859 reported pregnancies in women between 15 and 55 years old, of which 966 report having had an abortion in the 5 years preceding the survey. We use logistic regression to explore the relationship between unsafe abortion and various socio-economic and demographic characteristics.
Findings
We estimate that 44% of abortions have been induced and 16.5% of those were unsafe. We find three variables to be positively and significantly associated with the probability of having an induced abortion: (1) whether the woman reported that the pregnancy was mistimed (OR ¼ 4.5, 95% CI ¼ 1.95-10.95); (2) whether the woman reported that the pregnancy was unwanted (OR ¼ 2.86, 95% CI ¼ À1.40-5.88); and (3) if the woman had three or more children at the time of the abortion (OR ¼ 3.73, 95% CI ¼ 1. 20-11.65 ). There is a steep socio-economic gradient in the probability of having an unsafe abortion: poorer women are more likely to have an unsafe abortion than richer women (OR ¼ 2.48, 95% CI ¼ 1. 09-5.63 ); women with 6-9 years of education (OR ¼ 0.30, 95% CI ¼ 0.11-0.81) and with more than 13 years of education are less likely to have an unsafe abortion (OR ¼ 0.065, 95% CI ¼ 0.01-0.43), and women with indigenous origin are more likely to have an unsafe abortion (OR ¼ 5.44, 95% CI ¼ 1.91-15.51). Thus, the probability for poor women with less than 5 years of education and indigenous origin is nine times higher compared with rich, educated and not indigenous women. We also find marked geographical inequities as women living in the poorest states have a higher risk of having an unsafe abortion.
Background
The critical relationship between unsafe abortion and the attainment of the Millenium Development Goals (MDGs) has been highlighted in recent studies (Fathalla et al. 2006; Glasier et al. 2006; Grimes et al. 2006; Ronsmans and Graham 2006) . Reducing unsafe abortions and the complications resulting from them is not only closely linked to the health-related MDGs, such as the reduction of maternal mortality, but also to the MDGs related to other aspects of development, including poverty reduction, gender equality and women's empowerment. Monitoring trends in unsafe abortion practices as well as sharing countries' experience on policies and interventions that have been successful in reducing unsafe abortions is crucial, as the half-way point towards achieving the MDGs has been reached. It is estimated that 22% of all pregnancies worldwide end in an induced abortion-approximately 50 million each year around the year 2000 (Guttmacher Institute 1999) . About 20 million of these abortions are estimated to be performed in unsafe conditions, and almost all of them (97%) take place in developing countries (Henshaw et al. 1999) . The number of women who die from an unsafe abortion each year is estimated to be 68 000, accounting for 13% of all maternal deaths around the world, and 17% in Latin America (World Health Organization 2004; Khan 2005) , with a median unsafe abortion mortality ratio of 34 per 100 000 live births in countries where abortion is illegal (Berer 2004) .
In Mexico, induced abortion is illegal. In some states abortion is legal when a woman has been raped, her life or health are in danger, or when there are foetal defects, and under request within the first 12 weeks of pregnancy in the Federal District (where abortion was recently legalized) (GIRE 2005; Organo del Gobierno del Distrito Federal 2007) . However, even in those circumstances, access to safe abortion is not guaranteed, as doctors in public facilities can refuse to perform the procedure (Human Rights Watch 2006) . According to government statistics, abortion-related complications in public hospitals are the third most common cause of hospitalization among women of reproductive age and account for 7.3% of all maternal deaths (Secretaria de Salud 2002b; Secretaria de Salud 2004) .
Reducing maternal mortality and morbidity in Mexico has been a priority for the government in recent years. Unsafe abortion and its complications have been acknowledged as an important public health problem, but reliable data to monitor and evaluate its effects are difficult to obtain. Previous studies in Mexico used indirect methods to estimate the number of abortions, varying between 110 000 (CONAPO 1996) and 533 000 in 1990 (Henshaw et al. 1999) . However, such indirect methods have been criticized for suffering from measurement error (Reinis 1992) . Other studies in Mexico using populationbased surveys (Nunez and Palma 1994; Lara et al. 2006a ) are considered as a better source of information to study the incidence and prevalence of induced abortion (Lara et al. 2004; Lara et al. 2006a) . The most recent study estimated a prevalence rate of induced abortion of 16.3% for women between 15 and 55 years old for 2005 (Lara et al. 2006a) . Although these studies further explore and identify the characteristics of women who have had an induced abortion in Mexico, they do not provide information on the place and safety of the procedure or on the characteristics of women who had unsafe abortions.
In 2006, the National Demographic Survey (ENADID) included questions on abortions as part of the pregnancy calendar. This is the first time that a population-based survey in Mexico has included direct questions about abortion. Information was collected for the most recent abortion reported for each respondent on the type of provider, facility and technique, and whether the pregnancy was wanted or not. Information was also collected on the socio-economic and demographic characteristics of the respondent. In this paper we explore the ENADID survey to identify the determinants of unsafe abortion.
Methods Data
Data for this study come from the ENADID survey (Encuesta Nacional de Dinamica Demografica which was conducted in 2006 (INEGI 2006) . ENADID is an interviewer-administered household survey which is representative at state level. It is designed to collect detailed information on women aged between 15 and 55 years on social and demographic characteristics, child health and a range of reproductive health issues, including family planning, fertility, contraceptive knowledge and use. In addition, it collects information on household characteristics, including ownership of consumer goods, household services and place of residence.
In the women's questionnaire, respondents who have ever been pregnant were asked to report on all their pregnancies. For each pregnancy, women were asked to provide information on whether it ended in an abortion (defined in this survey as pregnancy termination up to 5 months of gestation), the date of abortion and the gestational age at the time of the abortion. Women who reported having had an abortion were asked more detailed questions on the most recent abortion. Respondents were asked: (1) if the abortion was a mistimed or unwanted birth, (2) whether the abortion was spontaneous, induced by medication, induced by injection or other procedure, (3) the
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type of provider who performed the abortion (doctor, nurse, auxiliary worker, traditional birth attendant, the respondent herself or other) and (4) the facility where the abortion was performed (social security, public or private clinic or hospital, traditional birth attendant's residence or in the respondent's home). The survey did not collect information on the reason for the termination of the pregnancy or on the use of contraception methods during the cycle of conception.
The total sample is 38 661 women between 15 and 55 years old. We limited the analysis to women who reported having an abortion during the 5 years preceding the survey to avoid recall bias problems with reporting on events that happened in the distant past.
Of the 14 859 reported pregnancies in the last 5 years in women 15-55 years old, 999 ended in abortion and had complete information on the socio-economic and demographic characteristics used in the analysis. Among these 999 abortions, 966 were identified as the most recent abortion, which entails that the difference (of 33 abortions) represents women with more than one abortion. Figure 1 shows the flow diagram of information.
Definition of unsafe abortions
Unsafe abortions are characterized by the lack or inadequacy of skills of the provider, hazardous techniques and/or unsanitary facilities (World Health Organization 1994) . WHO defines an unsafe abortion as a 'procedure for terminating an unintended/ unwanted pregnancy either by individuals without the necessary skills or in an environment that does not conform to minimum medical standards, or both' (World Health Organization 1992). The types of health worker that have the necessary skills vary according to the medical and legal standards of each country. In Mexico only doctors are formally trained to perform abortions and to deal with the complications of incomplete abortions.
Using the WHO definition, we classified an induced abortion as unsafe if it was performed by an unskilled provider (the woman herself, a traditional birth attendant, an auxiliary worker, nurse or provider other than a doctor) and/or if it was performed in an unsanitary facility (the woman's home, the traditional birth attendant's home or other) and/or if it was performed using a hazardous technique (caused by an ingestion of a harmful substance, voluntary trauma or injury by fall) (Guttmacher Institute 1999) . Induced abortions performed in public facilities were classified as safe as there is no information to verify if these were abortions attempted elsewhere in which complications ensued and which then ended up being treated in public facilities.
Analysis
We compared the distribution of pregnancy losses by gestation age at termination of pregnancy in our sample with the distribution in the study by Shapiro and colleagues (Shapiro et al. 1962) . They found, as did several other studies, that most of the intrauterine mortality happened in the first weeks of gestation (Shapiro et al. 1962; Leridon 1977; Wilcox et al. 1981) . In general, we found in our sample a larger concentration of abortions in the third and fourth month of gestation, between 7% and 12% more abortions than Shapiro et al. We argue that these differences are probably due to misreporting of induced abortions.
Under-reporting and misreporting of induced abortions is common in countries where abortion is illegal. In a study of 118 women who reported a spontaneous abortion in Merida, Mexico, 77% later admitted that the abortion had been induced (Canto de Cetina et al. 1985) . Several strategies have been used in previous studies to identify abortions that have likely been induced, although there is no gold standard method (Talamanca and Repetto 1988; Magnani et al. 1996; World Health Organization 1996; Rasch et al. 2000) . WHO proposed a classification scheme for categorizing hospitalized cases of abortion (World Health Organization 1996) and Magnani et al. proposed a scheme for classifying abortions that are reported in DHS calendar information (Magnani et al. 1996) . According to the WHO classification, certainly induced abortions are those the woman herself reports having been induced (World Health Organization 1996) . The corrected number of induced abortion is the sum of the certain cases of induced abortions plus the cases considered to be probably induced. In this analysis we used two logistic regression models. The first model was used to identify the suspected cases of induced abortions that were reported as spontaneous abortions. The second model was used to estimate the probability of having an unsafe abortion among the adjusted number of induced abortions.
In the first model, we explored the probability of having an induced abortion among all abortions (spontaneous and induced) using a logistic regression. The explanatory variables were age at the time of the abortion, number of children at the time of the abortion, whether the pregnancy was wanted, mistimed or unwanted, whether this abortion was the first one the woman had ever had, gestational age and marital status. We additionally considered as covariates in our analysis whether the household was poor or not (defined through a measurement of household wealth explained in the Appendix), urban or rural residence, years of education and indigenous origin.
We used the variables that were significantly positively associated with the probability of having an induced abortion in the first model to reclassify some of the reported spontaneous abortions as probably induced abortions. The adjusted numbers of induced abortions is therefore the sum of the reported cases of induced abortions and the probably induced abortions (identified in the first regression model).
In a second model, we explored the determinants of unsafe abortion among the adjusted number of induced abortions also using logistic regression. The explanatory variables in the model were whether the household was poor or not, urban/rural residence, years of education, indigenous origin, age at the time of the abortion, marital status, number of children at the time of the abortion and whether this abortion was the first one the woman had ever had. Based on the results of this logistic regression model and using Clarify (a software program for data simulation), we predicted the probability of having an unsafe abortion and the uncertainty around it, and examined trends among determinants of interest (King et al. 2000; Tomz et al. 2003) . Table 1 shows the indicators used in this analysis, the corresponding sample sizes from the ENADID (see also Figure 1 for a flow diagram of information) and the survey questions used.
The analyses in this paper were conducted using STATA (version 9.2) (StataCorp. 2005) and are presented in the following section. Table 2 shows the numbers and percentages of women aged 15-55 with pregnancies in the last 5 years, women who reported an abortion in the last 5 years, women who reported a most recent abortion in the last 5 years, women who reported an induced abortion and the adjusted number of induced abortions by socio-economic and demographic characteristics. The variables of age group and number of children are information reported at the time of the survey. b Adjusted number includes reported induced abortions and predicted induced abortions based on the logistic regression model shown in Table 3 .
Results
In our sample 6.5% of women aged between 15 and 55 years who had been pregnant reported having an abortion in the last 5 years. Out of 966 women who reported having had an abortion in the past 5 years, 7.6% (73 cases) reported that their most recent abortion was induced. Table 3 shows the first logistic regression model to estimate the probability of having an induced abortion among all abortions. After controlling for other socio-economic characteristics, the probability of having an induced abortion is significantly related to whether the woman reported that the pregnancy was mistimed or unwanted, and if the woman had three or more children at the time of the abortion. Abortions in pregnancies that were mistimed are 4.5 times more likely to be induced compared with abortions in wanted pregnancies (OR ¼ 4.5, 95% CI ¼ 1.95-10.95); pregnancies that were unwanted are almost 3 times more likely to be induced compared with abortions in wanted pregnancies (OR ¼ 2.86, 95% CI ¼ À1.40-5.88); and abortions in women with three or more children are almost 4 times more likely to be induced compared with women with no children at the time of the abortion (OR ¼ 3.73, 95% CI ¼ 1.20-11.65).
Table 3 also shows that socio-economic status and years of education were negatively and significantly associated with the probability of reporting an abortion as induced. Poorer women are 58% less likely to have an induced abortion than richer women (OR ¼ 0.42, 95% CI ¼ 0.19-0.92). Similarly, women with 10-12 years of education are 72% less likely to have an induced abortion than women with no years of education (OR ¼ 0.28, 95% CI ¼ 0.09-0.88).
Based on the results of this regression model, we reclassified abortions as 'probably induced' if they were reported to be spontaneous and the pregnancy was reported as mistimed or unwanted or if the women had more than three children at the time of the abortion. From the 893 cases reported as spontaneous abortions, 39% (352 cases) were reclassified as probably induced. We created a measurem of adjusted numbers of induced abortions as the sum of the reported cases of induced abortions (73 cases) and probably induced abortions (352 cases). Then the adjusted number of induced abortions is estimated to be 425, which represents 44% of all abortions. Consistent with our findings, a recent study in Peru, where abortion is also illegal, found that 53% of all abortions were induced (Bernabe-Ortiz et al. 2009). Subsequent analyses referring to induced abortions use the adjusted estimate.
In our sample, 16.5% (70 cases) of induced abortions (425 cases) were identified as unsafe. Among unsafe abortions, 23% (16) employed hazardous techniques and 77% (54) took place in facilities considered as unsafe and/or were performed by unskilled providers. Figure 2 shows the proportion of induced abortions (425 cases) performed by unskilled providers by gestation age at termination of pregnancy. About half of the abortions performed by unskilled personnel during the first 4 months of pregnancy are reported to have been done by the respondent herself. Abortions performed by unskilled personnel are most prevalent in the first 4 months of pregnancy. The fewer induced abortions during the fifth month of pregnancy (4.5%) were all performed by a traditional birth attendant. Table 4 shows the logistic regression results for the probability of having an unsafe abortion among induced abortions (425 cases). Three factors appeared to be significantly related to the probability of having an unsafe abortion: whether the household was poor, the woman's years of education and It is interesting to note that the age at the time of abortion, marital status, number of children at the time of the abortion, number of abortions, gestational age and urban/rural residence were not significantly associated with an increased probability of having an unsafe abortion. We predicted the probability of having an unsafe abortion by the level of deprivation for each state (see the Appendix for a description on the level of deprivation of Mexican states). We found that states with a high deprivation index (poorest states) have a higher probability of having unsafe abortions (around 22%) compared with states with a low deprivation index (richer states, with a probability of around 15%); these differences are statistically significant. At the same time, we found that highly deprived states have the highest proportion of women who have had sex and have never used modern contraceptive methods (27%) or heard about them (9%).
The coefficients of the logistic regression model shown in Table 4 were used to estimate probabilities of having an unsafe abortion for subgroups of women in the population. Table 5 shows that, all else being equal, the probability of having an unsafe abortion for poor women with indigenous origin who have less than 5 years of education is 9 times higher compared with non-poor, not indigenous, educated women. The results in Table 5 also imply that among poor indigenous women, those with more than 5 years of education have a lower probability of having an unsafe abortion than those who have less than 5 years of education.
Discussion
This analysis demonstrates that the most significant determinant of having an induced abortion is whether the pregnancy was wanted/mistimed or not and whether the women had three or more children at the time of the abortion. Consistent with our findings Lara et al. found that, in Mexico, women who had unwanted pregnancies are more likely to have induced abortions (Lara et al. 2006a) . They also found that growing up in a city and having not yet given birth are significantly and positively associated with the probability of having an induced abortion. However, we found that, as in the USA, women who have more children are more likely to have an induced abortion (Boonstra et al. 2006) . We found that unsafe abortions are significantly associated with lower economic status, a woman's indigenous origin and years of education. This is also consistent with other studies of countries where abortion is illegal. For example, in the USA, when abortion was illegal, poor and minority women were exposed to unsafe procedures while women with financial resources were able to afford safe procedures (Boonstra et al. 2006) .
Our results imply that there is poor access to effective family planning methods in Mexico. This might be due to lack of knowledge, misuse or failure of the contraceptive methods, or because of economic and other barriers that impede women from preventing unwanted pregnancies. As a result, and in combination with the fact that abortion is illegal in Mexico, women demand clandestine services. This illegal market of services contributes to socio-economic inequalities, as well-off women have the ability to seek and pay for safe abortions while disadvantaged women are exposed to unsafe procedures and the long-term consequences related to them (Sousa 2001) .
The Mexican government has invested in several efforts to improve maternal services in the past 10 years, including the Program for the Extension of Coverage (PAC), Oportunidades and Fair Start in Life (Arranque parejo en la vida) (Secretaria de Salud 2002a). However, further efforts are required to ensure that all women of reproductive age know of and have access to modern contraceptive methods. This analysis shows that women living in the poorest states have a much higher risk of having an unsafe abortion and at the same time have less knowledge and use of modern contraceptive methods.
In parallel, efforts are required to provide access to safe abortion services to reduce the burden resulting from unsafe procedures. There is an urgent need to eliminate the institutional and legal barriers to provide safe abortion services for all women, and especially for victims of rape (Human Rights Watch 2006) . Efforts are required to educate the population on the availability of abortion services as 54% of all Mexicans are unaware that abortion is legal in some circumstances, including rape (Becker et al. 2002) . In addition, mid-level health professionals should be trained to provide abortion and postabortion services (World Health Organization 2003; Chong and Mattar 2006; Warriner et al. 2006) . By increasing the number of skilled providers, the barrier imposed by doctors who refuse to provide abortion services would be reduced (Human Rights Watch 2006) . In Mexico, among health providers who report that they believe that public health systems should offer abortion services for legal indications, few of them would agree to personally provide the service (Gonzales de Leon and Billings 2001) .
In April 2007, induced abortions in Mexico City were legalized within the first 12 weeks of pregnancy (Organo del Gobierno del Distrito Federal 2007) . It is therefore likely that the rate of induced abortions will increase in Mexico City, as women will now report abortions that before were hidden because of their illegality. The probability of having an unsafe abortion is likely to decrease as it has been found that in countries where abortion is legal, procedures are more likely to be safe, whereas in countries where it is illegal, procedures are more likely to be performed in unsafe conditions (Jewkes et al. 2005) . However, unless women have information on the possibility of having a safe abortion, it is unlikely that poor, uneducated women will immediately profit from the accessibility of safe abortion services. This argument is supported by our findings, which show that a large proportion of women still have never heard about contraception methods. We also found that indigenous women, who are concentrated in rural areas, are more likely to have unsafe abortions. The gains in the safety of the procedures attained in Mexico City will be undermined by unsafe procedures that will still occur in the rest of the country where abortion is still illegal.
As in the USA where liberalization of abortion laws occurred in some states (Boonstra et al. 2006) , women seeking an abortion will travel to Mexico City to get a safer procedure. Several consequences will emerge from this: (1) only women with enough financial resources will be able to travel to obtain a safe abortion; (2) the travel from faraway states will delay obtaining the abortion which will therefore increase the risk of complications due to higher gestational weeks; (3) for some women the timing will be determinant as they may pass over the gestational week limit for having a legal abortion; and (4) women who will travel are at higher risk of not receiving proper follow-up and care if a complication arises while returning to their state of residence.
Legalizing abortion is an important step towards reducing the burden of unsafe abortion, but on its own it is not sufficient. As has been shown in India, where abortion is legal, the burden due to unsafe abortion is not reduced unless the provision of services is scaled up to guarantee access to safe abortion for all women (Grimes et al. 2006) . Worldwide 48% of all induced abortions are unsafe, in developed regions 92% of abortions are safe, while in developing countries 55% are unsafe (Sedgh et al. 2007 ). In this study, we used the WHO classification of unsafe abortion. The limitation of using this classification is that all abortions performed by unskilled providers are defined as unsafe regardless of the procedure. There is increasing evidence that the use of drugs such as misoprostol to perform an abortion is very common in most Latin American countries where abortion is illegal (Misago et al. 1998; IPAS 2005; Miller et al. 2005; Sherris et al. 2005; Lara et al. 2006b ). For example, in Brazil, misoprostol was used in 66% of induced abortions (Misago et al. 1998) . Several reasons have contributed to increase the use of misoprostol to perform medical abortions: (1) it is known to be an effective self-induced abortifacient and it has been associated with a high reduction in abortionrelated mortality (Miller et al. 2005; Harper et al. 2007; Moreno-Ruiz et al. 2007) ; (2) it is an inexpensive drug; (3) it generally does not require prescription; and (4) it is normally available at the pharmacy (Misago et al. 1998; Miller et al. 2005; Sherris et al. 2005; Lara et al. 2006b ). It is therefore likely that many of the self-induced abortions and the abortions performed by a nurse or another person reported in ENADID were induced with misoprostol and misclassified as unsafe according to the WHO classification. Nevertheless, we would like to point out that although the WHO classification is likely to misclassify self-induced abortions as unsafe, further research should be conducted to obtain more detailed information on the use of misoprostol. It has been found that, in Latin America, a large proportion of women, pharmacy staff and providers know neither the recommended dosing regimen of misoprostol to make it an effective abortifacient nor the complications or side effects that could arise from using it (Misago et al. 1998; Miller et al. 2005; Sherris et al. 2005; Lara et al. 2006b ).
The limitations of this study should be taken into account when interpreting the findings. ENADID is a survey that was not specifically designed to collect data on abortion, so only limited information is available. It would be beneficial to also have information on the reasons why an abortion was sought, whether any complications arose from it, and other important factors. Only women who reported ever being pregnant were asked questions on abortions. Women might be reluctant to report having had an abortion in a face-to-face interview because of the illegality of abortion in Mexico. Further, ENADID is a cross-sectional survey that relies on retrospective data, so it is susceptible to recall bias as past abortions may tend to be reported less frequently than recent ones. We tried to mitigate this problem by using the last 5 years of the survey.
In a face-to-face interview, under-reporting of abortions (either induced or spontaneous) is common among women of certain socio-economic characteristics regardless of the legal status of abortion. In the USA, for example, poor, Hispanic and black women are less likely to report an abortion (Jones and Kost 2007) . In our study, we analysed data from a face-to-face survey collecting information on pregnancy histories. It is therefore likely that our study suffers from problems of underreporting. This is likely to affect the magnitude of unsafe abortions among certain groups of the population, such as single women or women in rural areas, categories for which we did not find a significant association with the probability of having an unsafe abortion. Nevertheless, we did find significant and positive associations with the probability of having an unsafe abortion among women who are expected to report fewer abortions, such as poor, indigenous and uneducated women.
Although our results do not show that teenage women (in our sample 15-19 years old) are at highest risk for unsafe abortions, we found that 42.5% of women in this age group who have had sex have never used modern contraceptive methods and 8% have never heard of them. Therefore further research should be undertaken focusing on women between 15 and 19 years old regarding their exposure to unwanted pregnancies, practice and use of contraceptive methods, and exposure to unsafe abortion as we believe they are at high risk for unsafe abortions.
Despite the limitations associated with survey data, this analysis has highlighted some critical issues for maternal health and the links with other central factors in development, such as poverty, women's empowerment and education. In countries like Mexico, where abortion is illegal, the practice of abortion is still ongoing, with the consequences of unsafe abortion being disproportionately born by poor, indigenous and less educated women. Continuing efforts to monitor maternal health, and especially abortion and contraceptive use, will be critical in the coming years.
